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Treatment of the enlarged Clitoris
Martin Kaefer* and Richard C. Rink
Pediatric Urology, Indiana University School of Medicine, Indianapolis, IN, United States
Management of the enlarged clitoris, because of its import for sexual function, has 
been and remains one of the most controversial topics in pediatric urology. Early con-
troversy surrounding clitoroplasty resulted from many factors including an incomplete 
understanding of clitoral anatomy and incorrect assumptions of the role of the clitoris in 
sexual function. With a better understanding of anatomy and function, procedures have 
evolved to preserve clitoral tissue, especially with respect to the neurovascular bundles. 
These changes have been made in an effort to preserve clitoral sensation and preserve 
orgasmic potential. It is the goal of this manuscript to describe the different procedures 
that have been developed for the surgical management of clitoromegally, with emphasis 
on the risks and benefits of each. Equally important to any discussion of such a sensitive 
topic is an understanding of long-term patient outcomes. As we will see, despite its 
importance, there has been a dearth of data in this regard. Future work in the arena of 
patient satisfaction will undoubtedly play a major role in directing our surgical approach.
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ANATOMY
The clitoris, like the penis, consists of two corpora cavernosa. While not having a defined corpora 
spongiosum, the clitoris does have the male equivalent of the glans, which consists of spongiosal 
tissue. Arterial supply branches from the internal pudendal artery that travels via Alcock’s canal 
near the ischial tuberosity. These arteries course ventrally and are on the medial aspect of the bifur-
cated corpora, where they then course dorsally along the phallic shaft (1). Innervation governing 
tumescence and sensation are also similar to that observed in the penis. Most important to the 
discussion of clitoral surgery is the anatomic course of the nerves that provide sensation to the glans. 
The clitoral neurovascular bundles ascend along the ischiopubic rami and meet as paired bundles 
that course along the dorsal surface and then pass largely intact into the glans. There is a notable 
absence of nerves at both the 12 o’clock position and the ventral aspect of the shaft (2, 3).
In considering the anatomy of the clitoris, one should also be versed in the anatomy of neigh-
boring structures. If clitoroplasty surgery is undertaken, it is done so with the intent of providing 
an appearance that aims to closely resemble the typical female phenotype. Regression of the glans 
clitoris, with creation of a labia minora and clitoral hood to properly conceal the glans, requires a 
good understanding of these later structures. A recent study of non-CAH females revealed that the 
labia minora converge under the clitoral glans, separate to the clitoral hood. Variability exists with 
regard to the morphology of the clitoral hood. The four recognized morphologies include horseshoe, 
trumpet, coffee bean, and tent (4).
eTiOLOGY
There are a limited number of clinical entities that result in clitoromegally. The most common 
condition to cause enlargement of the clitoris is the 46XX DSD condition congenital adrenal 
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hyperplasia (CAH). A number of enzymatic defects in the pro-
duction of cortisol can cause a shunting of cortisol precursors 
to an alternate metabolic pathway, which results in an excess 
production of adrenal androgens (i.e., DHEA, androstenedione, 
and testosterone). Females with classic CAH, whether salt-losing 
or non-salt-losing, present at birth with an enlarged phallus due 
to in utero exposure to excess fetal adrenal androgens. The overall 
worldwide incidence of classic CAH is one in 15,000 live births of 
which two-thirds are salt wasting (5).
In 1950, Lawson Wilkins demonstrated that it was possible 
to suppress adrenal androgen production by providing these 
individuals with cortisone. With the ability to abrogate ongoing 
hormonal stimulation of the phallus, it was no longer deemed 
necessary to reconstruct these children as males. The evolution of 
surgery to “feminize” the appearance of the genitalia thus began.
A far less common condition that can cause enlargement of 
the phallus in the genetic female is exogenous in utero androgen 
exposure. This can either be due to the pregnant mother suffering 
from masculinizing tumors such as arrhenoblastoma [Ovarian 
Sertoli-Leydig cell tumors (SLCTs)] of the ovary or exogenous 
intake of androgenic hormones (6–8).
A number of Disorders of Sex Development (DSD) possess-
ing a cell line with a Y chromosome can result in a child with 
an enlarged phallus who may be assigned the female gender 
role. This choice should only be undertaken after extensive 
multidisciplinary assessment and counseling of the parents. In 
Sex Chromosome Mosaicism DSD (previously labeled mixed 
gonadal dysgenesis), the karyotype 45X/46XY can lead to a child 
having an epididymis, vas deferens, and testicle on one side of 
the body while having a hemivagina, hemiuterus, fallopian tube, 
and non-functional streak ovary on the contralateral side (9, 10). 
In ovotesticular DSD (previously labeled true hermaphroditism), 
functional ovarian and testicular tissues are both identifiable. 
In both conditions, the phallus will undergo some degree of 
enlargement due to endogenous testosterone production. While 
it is beyond the scope of this manuscript to describe the process 
of assigning gender to these individuals, if a female gender role 
is selected then surgery to render the phallus more clitoral in 
appearance may be entertained (11).
Rare cases of females with clitoromegally secondary to pelvic 
plexiform neurofibroma have also been reported (12). Finally, it is 
important to recognize that idiopathic clitoromegally can present 
in females that are born extremely prematurely (<28 weeks gesta-
tional age) (13). This is felt most likely due to fetal programming 
causing a surge in LH and the overactivation of the pituitary–
gonadal axis (14).
SURGiCAL PROCeDUReS
General
At present, the decision to perform genital surgery in children 
with clitoromegally is intensely debated. As with all reconstructive 
surgery for patients with Disorders of Sex Development (DSD), 
three specific reasons for intervening are typically considered: pro-
viding anatomy suitable for penile–vaginal intercourse, achieving 
a manner for urination commensurate with gender identity 
(i.e., sitting for females, standing for males), and providing a 
phenotypical appearance that resembles the assigned gender (11). 
Since the only known function of the clitoris itself is to provide 
sexual pleasure, the later goal is the only one that is relevant to the 
discussion of clitoroplasty.
The primary concern in performing surgeries that address 
clitoral enlargement is that the procedure may reduce innerva-
tion to the clitoris. To this point, it is important to note that 
when compared to controls, sexually mature females who have 
undergone surgery in childhood frequently report reduced 
sensation and decreased ability to achieve orgasm (15–17). As 
a result of these potential risks, the Chicago consensus and the 
Endocrine Society guidelines on the management of CAH have 
recommended that clitoral surgery should be postponed in girls 
with mild degrees of clitoromegaly (<2 cm) (18, 19). In cases of 
moderate and severe virilization, both guidelines recommended 
that clitoroplasty be considered as long as an experienced sur-
geon performs it.
Most clitoral surgery is performed in conjunction with a vagi-
noplasty. Feminizing genitoplasty (clitoroplasty + vaginoplasty) 
is often undertaken in the first year of life for children with low 
and midlevel confluences of the urogenital sinus. The advantage 
of performing both procedures simultaneously is that the com-
mon urogenital sinus can be used for a host of reconstructive 
purposes (20). If vaginoplasty is not undertaken simultaneously, 
one should always use the sinus tissue to create a more female-like 
vulva.
Perioperative Considerations
Endocrine Management
Prior to embarking on major surgery such as clitoroplasty, the 
patient must be in optimal physiologic condition. In that the 
majority of patients who present with clitoromegally are patients 
with CAH, an understanding of proper endocrine management 
in these patients is imperative.
Congenital adrenal hyperplasia due to 21-hydroxylase defi-
ciency accounts for 95% of cases and shows a wide range of clini-
cal severity depending on the degree of impairment of cortisol 
and aldosterone biosynthesis (21). As a general rule, there is high 
concordance between genotypic CYP21A2 mutations and phe-
notype (22). In the most severe form, concomitant aldosterone 
deficiency leads to salt loss. The three clinical phenotypes are 
typically classified as classic salt-losing (most severe), classic non-
salt-losing (simple-virilizing), or non-classic (mild or late-onset). 
In childhood, treatment is geared toward optimizing growth and 
pubertal development. Once adult height is achieved, treatment 
should be focused on optimizing fertility and quality of life and 
minimizing the side effects of glucocorticoid therapy.
Treatment of the classic or severe form of CAH requires sup-
pression of adrenal androgen overproduction and replacement 
of cortisol and aldosterone. The medical treatment of CAH is 
challenging and necessitates “walking a fine line” between gluco-
corticoid excess and hyperandrogenism.
Non-classic CAH is a milder form of the disease. Although 
the same gene, CYP21A2, is involved in both the severe and mild 
forms, genetic mutations typically associated with non-classic 
CAH result in substantially less impairment of 21-hydroxylase 
activity. Thus, patients with non-classic CAH do not have cortisol 
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deficiency but instead may have manifestations of hyperandro-
genism, later in childhood or in early adulthood. Treatment of 
the mild or non-classic form is targeted at controlling excess 
androgen symptoms and may or may not involve glucocorticoid 
therapy.
The Pediatric Endocrine Society and the European Society 
for Pediatric Endocrinology recommend glucocorticoid dosing 
for children in the form of hydrocortisone 10–15 mg/m2/day 
divided three times daily (23). Longer-acting glucocorticoids 
have typically been avoided in children due to their potential 
for growth suppression (24). No consensus exists for gluco-
corticoid dosing in adults. Clinicians may use hydrocortisone, 
prednisone, prednisolone, dexamethasone, or a combination 
of treatments. Long-acting glucocorticoids are preferable 
because they are effective given once or twice daily (25). The 
specific regiment varies between institutions worldwide. In a 
survey in the United Kingdom of 30 teaching centers, a variety 
of different regimens were utilized; hydrocortisone was the 
most common, followed by dexamethasone and then predni-
solone (26).
Mineralocorticoid is given in classic cases of CAH. Fludro-
cortisone is provided to maintain normal electrolyte and plasma 
renin activity. The use of fludrocortisone is also recommended in 
simple-virilizing CAH and allows management with lower doses 
of glucocorticoid (23). Some clinicians feel that the same daily 
dose of fludrocortisone given in split doses twice daily is more 
effective than once daily therapy (25). Overtreatment should be 
avoided and may result in hypertension.
Levels of 17-hydroxyprogesterone, testosterone, androsten-
edione, and plasma renin activity are used to evaluate adequacy 
of therapy and patient compliance. The suggested target 17-OHP 
range for children with CAH is 400–1,200  ng/dl (21). Adrenal 
androgen concentrations later in the day and after medication 
will be lower, and target levels for hormones measured in this 
manner are unknown; thus, hormones are best measured early in 
the morning and before medication. The target goal for andros-
tenedione, testosterone, and plasma renin values are to have them 
within the normal range for age. Bone age and somatic growth 
data are also used to determine the efficacy of the chosen steroid 
replacement regimen.
Stress Steroid Dosing
The physiologic stress that surgery induces requires thoughtful 
increases in perioperative steroid dosing. Preoperative dos-
ing consists of a single dose of hydrocortisone 100  mg/m2 IV 
immediately before surgery followed by this same dose given IV 
divided q6 hours for at least 24 h.
Perioperative Counseling
The role that clitoral surgery plays in clitoromegally remains 
strongly debated. In addition, the emotional impact of having a 
child with clitoromegally will be extremely challenging for most 
families. It is for this reason that it is imperative that a multidisci-
plinary care model be utilized to provide comprehensive care of 
the child and family. The 2002 consensus statement by the Lawson 
Wilkins Pediatric Endocrine Society and the European Society 
of Pediatric Endocrinology recommends that “A well-organized 
multidisciplinary team (including specialists in pediatric endo-
crinology, psychosocial services, pediatric surgery/urology, and 
genetics) is essential…” and “it is important that the coordinator 
of the team has an experience in the long-term care of the patient 
with CAH and provides a consistent message to patients” (23). 
Specific evidenced-based models for multidisciplinary care have 
been published (27). Evidence supports that laboratory monitor-
ing for appropriate steroid dosing and the provision of mental 
health care occurs more consistently when these multidiscipli-
nary models are in place.
Specific Procedures
Surgical techniques for management of clitoromegaly can 
broadly be divided into three categories: clitorectomy, reduction 
clitoroplasty, and corporal-sparing techniques.
Clitorectomy
Prior to 1970, many prominent surgeons supported the surgical 
removal of the entire clitoris (28–30). This was largely based on 
the misunderstanding that the clitoris was unnecessary for sexual 
function (31).
Gross, in his 1966 publication titled “Clitorectomy for Sexual 
Abnormalities: Indications and Techniques” described the tech-
nique used in 47 patients (29).
The procedure began by placing a Foley catheter in the ure-
thra to avoid injury. With the clitoris placed on stretch, the base 
was “severed circumferentially, using an elliptical incision” (29). 
The dorsal vein and suspensory ligaments were then divided. The 
corpora cavernosa were subsequently dissected proximally to the 
bifurcation of the crura and each of the crura was then separated 
from its attachment to the inferior aspect of the ischial rami. Prior 
to complete removal, a hemostat was carefully placed across the 
attenuated tip of the corpus to control the clitoral artery. Unlike 
previous authors who had advocated partial clitoral resection, 
Gross emphasized the complete removal of all tissues in order 
to eliminate the painful neuromata, which were reported to 
occasionally occur in the stump after amputation. A vulvoplasty 
would be subsequently performed with the urogenital sinus tis-
sue. In the results section, the authors stated, “One patient had 
a post-operative hematoma requiring drainage.” And concluded 
that “the morbidity is less than might be expected” (29).
In defense of this practice Gross stated, “Some persons have 
been reluctant to advocate excision of even the most grotesquely 
enlarged clitoris. This view apparently stems from the belief that 
the clitoris is necessary for normal sexual function.” He goes on 
to say “Such opinion is no longer tenable; there are a number 
of sound studies which demonstrate normal sexual response in 
females who have undergone clitoral extirpation.” To support 
this view he describes “the custom of a number of African tribes 
to excise the clitoris and other parts of the external genitals at 
pubertal ceremonies. Yet normal sexual function is observed in 
these females” (29).
This contention was later brought into question as reports of 
patients with sexual inhibition and ambivalence toward sexual 
activity began to surface (32).
FiGURe 2 | Ventral nerve sparing clitoroplasty: anatomical drawing of 
clitoroplasty. (A) Buck’s fascia and NVB elevated off of tunica albuginea, (B) tunica 
albuginea containing corpora cavernosa, and (C) point of transection of corpora 
cavernosa 1.5–2 cm distal to bifurcation [From Poppas et al. (37)].
FiGURe 1 | Ventral nerve sparing clitoroplasty: anatomical diagram of 
cross-section of clitoral shaft. NVB with nerves (yellow areas), arteries (red 
areas), and veins (blue areas), which are between Buck’s fascia (D) and tunica 
albuginea (B), corpora cavernosa tissue (C), initial ventral points of incision to 
begin elevation of NVB and Buck’s fascia off of tunica albuginea (E), and 
vascular dartos layer (F) [From Poppas et al. (37)].
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Reduction Clitoroplasty
Any surgical procedure involving the clitoris carries the risk of 
disruption of the nerve supply (16, 33) Techniques to reduce 
clitoral size have attempted to minimize this risk by preserving 
the dorsal neurovascular bundles (34–37). There is no unanimous 
consensus as to the best technique for achieving this goal.
Complete Corpora Cavernosa Excision
Excision of the corporal bodies with preservation of the glans 
clitoris and attached ventral mucosa was initially described by 
Goodwin and later expounded upon by others (32, 38–41). In 
the earliest version of this operation, an incision was made at the 
dorsal base of the clitoris. The crura were dissected back to the 
bifurcation of the crura. The neurovascular bundles were then 
dissected off of the shaft and the crura were separately mobilized, 
ligated, and divided. The corporal shaft of the clitoris was then dis-
sected distally to the glans and the corpora excised. The preserved 
glans and attached ventral mucosa were the recessed beneath the 
pubic arch (42). If a vaginoplasty was to be undertaken simultane-
ously, then it was generally performed using a cut-back procedure 
or a Fortunoff flap (43).
Improved understanding of the importance of the dorsal 
neurovascular bundle for clitoral innervation led Goodwin to 
modify his technique of reduction clitoroplasty by approaching 
the dissection from the ventral aspect of the clitoris (44). He felt 
that “preservation of the (neurovascular) bundle theoretically 
should preserve the sensory function of the glans clitoris” and 
that if the phallus could be approached ventrally potential injury 
to the neurovascular bundle may be lessened. In his modification, 
a transverse or longitudinal incision was made on the ventral 
aspect of the skin overlying the clitoris. The dorsal aspect of the 
clitoris with its associated skin and neurovascular bundles was 
left untouched. The shaft of the clitoris was then freed by dis-
secting along Buck’s fascia until the corporal bodies had been 
circumferentially mobilized. The shaft was then everted out of 
the incision and partial amputation was accomplished. The glans 
clitoris and the proximal stump of the corporal bodies where then 
sutured together.
Additional efforts to improve upon this technique ensued 
as surgeons found that degloving of the clitoral shaft provided 
improved exposure of the neurovascular bundles and hence 
decreased the chance of their injury.
The nerve-sparing ventral clitoroplasty (NSVC) as popu-
larized by Poppas et  al. begins with performing a subcoronal 
circumferential incision 0.5–1.0  cm proximal to the coronal 
margin of the glans clitoris. Care is taken not to violate Buck’s 
fascia as the clitoris is degloved. Dissection of the erectile bod-
ies is facilitated by transection of the ventral plate and carried 
down to the crural bifurcation. Buck’s fascia is then opened 
using two parallel incisions lateral to the ventral midline in the 
vertical midline (Figure  1). All tissues external to the tunica 
albuginea are carefully elevated. A dilute solution of papaverine 
(1:100,000) is used to irrigate the tissue in order to prevent 
vasospasm, thrombosis, and ischemia of the neurovascular 
tissue. In a select number of cases, intraoperative optical coher-
ence tomography was used to further enhance visualization of 
dorsal nerves in  situ. The glans tissue is then dissected off of 
the corpora cavernosal bodies, leaving it supported by the tissue 
within Buck’s fascia (Figure 2).
The corporal bodies are then transected 1.5–2.0 cm distal to 
their bifurcation. Opinion differs as to how the corporal tissue 
FiGURe 3 | Albuginea sparing clitoroplasty: lines of skin incision. When 
degloving the clitoris, special attention is taken to leave the entire inner 
preputial layer of skin of at the coronal margin along the dorsal aspect of the 
phallus. The incision is therefore carried out approximately 1 cm or more 
proximal to the coronal margin. This cuff of skin is highly sensitive, second 
only to the glans itself. 
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proximal to the bifurcation should be managed. Many surgeons 
feel that maintaining this tissue and allowing for engorgement 
are beneficial for sexual arousal. In contrast, others feel that the 
remaining tissue may cause discomfort when engorged. De Jong 
et al. (45) incorporated the additional step of dilating the proxi-
mal corporal stumps with a metal sound to ablate the remaining 
proximal corporal tissues. The transected proximal ends of the 
corporal bodies are then oversewn using running 3-zero polydi-
oxanone suture. The glans is then secured to the proximal ends of 
the corporal bodies taking great care to exclude the dorsal aspect 
to avoid injuring the nerves.
To document the degree to which they had preserved the 
neural structures of the clitoris, immunoperoxidase staining was 
performed with antibodies to neurofilament. In 4 of 27 patients, 
no dorsal nerve branches were visualized in excised erectile tis-
sue. In 18 patients, 10 or fewer branches were found. Overall, 
92% of dorsal nerves detected were 90 mm or less. The authors 
concluded that the scarcity of large dorsal nerves in histological 
specimens likely reflected satisfactory nerve preservation (37).
Tunica Albuginea-Sparing Clitoroplasty
While preservation of the neurovascular bundles represented 
a significant advance over complete clitoral ablation, concerns 
remain that separating these delicate structures off of the Tunica 
Albuginea may leave them unsupported and hence at risk of 
injury. To this end, techniques have been developed to preserve 
the Tunica Albuginea, so that the nerves and microvessels to the 
glans clitoris do not have to be disturbed by dissection and can 
benefit from the support of this scaffold.
Kogan Subtunical Reduction Clitoroplasty
In response to reports that permanent glans atrophy could 
occur when subtotal or total corpora cavernosa resection was 
performed (34), Kogan et al. (36) proposed a subtunical reduc-
tion of the cavernosal erectile tissue while preserving the entire 
tunica albuginea. A deliberate vertical incision is made through 
Buck’s fascia and the tunica albuginea of the shaft, exposing the 
hypertrophied cavernous tissue. The neurovascular bundles thus 
remain completely untouched in this dissection.
It is our very strong opinion that Kogan’s concept of leaving 
the entire tunica albuginea intact is the most logical approach yet 
suggested for clitoroplasty. This technique eliminates dissection 
of the neurovascular bundles and provides excellent support of 
the neurovascular complex. We describe our modification of the 
Kogan technique below.
Appropriate preoperative stress steroid dosing is given under 
the direction of our pediatric endocrinologist. We feel that proper 
visualization and mobilization of tissues can be performed with 
the patient in the supine position or the well-padded lithotomy 
position. If supine positioning is chosen, the patient undergoes 
full circumferential body prep from the nipples down.
A stay suture is placed vertically in the glans clitoris, and a 
skin scribe is used to mark out the lines of incision (Figure 3). 
When degloving the clitoris, special attention is taken to leave the 
entire inner preputial layer of skin of at the coronal margin along 
the dorsal aspect of the phallus. The incision is therefore carried 
out approximately 1 cm or more proximal to the coronal margin. 
This cuff of skin is highly sensitive, second only to the glans itself 
(46). This tissue will later be used to create the inner aspect of a 
classic tent like morphology for the clitoral hood. The clitoris is 
degloved and the ventral plate of tissue divided just under the 
glans clitoris. Great care must be taken to avoid injury to the 
underlying neurovascular structures since the plane between the 
clitoral skin and the neurovascular bundles may often be less well 
defined than it is with the penis.
A tourniquet is now placed at the base of the clitoris. 
Alternatively, an assistant can put pressure at the base of each 
corpora with a Kittner dissector. Kogan felt that the subsequent 
incisions in the tunica albuginea could be made dorsally, later-
ally, or ventrally “as individual local anatomy allows.” With our 
improved understanding of neurovascular anatomy of the clitoris, 
we now feel that placing paired incisions ventrally is most appro-
priate to minimize damage to any nerve fibers (Figures  4–6). 
The incisions extend from the glans to the bifurcation to expose 
the corpora cavernosa tissue, which is shelled out from the 
tunical coverings. The tunics are left undisturbed, except for the 
ventral incision, so as to avoid any mobilization or disturbance 
of the dorsal neurovascular bundle. It is frequently more difficult 
to shell the tissue out of the second side than out of the first. 
The proximal ends of the erectile tissue are suture ligated. To 
provide proximal hemostasis, the ventral layer of the tunica 
albuginea is sutured to the inner layer of the dorsal aspect of 
FiGURe 7 | Albuginea sparing clitoroplasty: cross section of corpora 
cavernosa just distal to crural bifurcation. The proximal extent of the erectile 
tissue has been controlled bilaterally with 5-0 PDS ties. To provide proximal 
hemostasis, the ventral layer of the tunica albuginea is sutured to the inner 
layer of the dorsal aspect of the tunica albuginea just distal to the bifurcation 
with running 5-zero polydioxanone suture. Great care must be taken in this 
step to avoid placing the sutures too deep into the dorsal tunica albuginea for 
fear of injuring the exact nerves that one is aiming to preserve.
FiGURe 6 | Albuginea sparing clitoroplasty: lateral view of corporal tissue 
dissected free from tunica albuginea. Note septum distracted anteriorly—this 
will be excised prior to folding of the tunica albuginea into cranial location 
under the mons pubis.
FiGURe 5 | Albuginea sparing clitoroplasty: corporal tissue being shelled out 
of preserved tunica albuginea.
FiGURe 4 | Albuginea sparing clitoroplasty: excision to remove corpora 
cavernosal tissue. Left lateral view demonstrating ventral location of incision 
into tunica albuginea. Inset demonstrates two parallel incisions on ventral 
aspect of shaft.
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The glans is now sewn to the ventral aspect of the tunica albug-
inea at the level of the crural bifurcation (Figure 8). Thereafter, 
the neurovascular structures with there supporting tunica albug-
inea are folded gently back and recessed under the mons pubis. 
The most superior aspect of the tissue (at the point where it is 
folded) is then carefully secured to the pubis symphysis with two 
3-zero polypropylene sutures. In cases of CAH, the vaginoplasty 
is subsequently performed. Upon completion of the vaginoplasty, 
the dorsal skin of the clitoris is split longitudinally and the flaps 
utilized for construction of the labia minora. A clitoral hood is 
constructed from the intact tissue of the dorsal shaft skin and 
the tunica albuginea just distal to the bifurcation with running 
5-zero polydioxanone suture. Great care must be taken in this 
step to avoid placing the sutures too deep into the dorsal tunica 
albuginea for fear of injuring the exact nerves that one is aiming 
to preserve (Figure 7).
FiGURe 8 | Albuginea sparing clitoroplasty: the glans clitoris sewn to the 
ventral aspect of the tunica albuginea at the level of the crural bifurcation. The 
ventral urethral plate that was reflected inferiorly for the dissection is then 
secured to the base of the glans.
FiGURe 9 | Girth reduction clitoroplasty: once the clitoris has been degloved, 
(A) vessel loops are placed at the base of each corpora in order to maintain 
hemostasis. (B) The glans and corporal bodies are then divided in the 
coronal plane and the ventral aspect excised and discarded. (C) The shaft is 
then folded and sutured on each side so that the raw corpora cavernosa are 
approximated [From Hutson et al. (47)].
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then secured to the preserved inner layer of prepucial skin that 
had been left with the glans during the early part of the dissection.
We have utilized this technique in over 80 cases during the 
past 10 years and have noted no glans atrophy.
Girth-Reduction Clitoroplasty
One additional technique that serves to preserve the tunica albug-
inea is the Girth-reduction clitoroplasty. This procedure was first 
devised by Robert Fowler in the early 1970s and later popularized 
by Hutson et al. (47). The initial degloving of the clitoris, release of 
the ventral plate, and identification of the corporal bifurcation are 
similar to that described above. The authors then utilize a right-
angle dissector to dissect between the crural bifurcation. Vascular 
loops are passed around each crura to act as tourniquets. The 
glans and corporal bodies are then divided in the coronal plane 
and the ventral aspect excised and discarded (Figure 9). Great 
care is taken not to encroach on the dorsal half of the circumfer-
ence, thereby protecting the neurovascular bundles that remain 
adherent to the tunica albuginea and protected by Buck’s fascia. 
The shaft is then folded and sutured on each side so that the raw 
corpora cavernosa are approximated and only the glans is free. 
The glans is tublarized in the midline plane to reconstruct it into 
a conical shape. The hairpin bend on the reconstructed clitoris is 
sutured to the symphysis.
The Girth-reduction clitoroplasty allows reduction of the 
clitoris without dissection of the neurovascular bundles extending 
between the 9 and 3 o’clock positions. A portion of the corporal 
tissue is maintained. The authors sight studies by O’Connell et al. 
and Rees et al. that demonstrate that the erectile tissue is not only 
related to the ventral aspect of the shaft but also runs along the 
lateral walls of the urethra (3, 48–50). They feel that this tissue is 
responsible for the rigidity of the vaginal wall during orgasm and 
that a portion of the erectile tissue should be preserved during 
surgery for clitoral reduction.
Corporal-Sparing Techniques (Clitoral Recession/
Corporal Preservation)
In the early 1960s, procedures to recess the intact clitoris were 
devised. While preserving all erectile tissue, these procedures 
may be technically challenging in cases where the clitoris is 
significantly enlarged. In the past decade, Pippi Salle has devised 
an additional novel technique aimed at preserving all component 
structures of the clitoris with the expressed aim of having the 
erectile tissue available to reconstruct the phallus should the 
patient elect for such a choice at a later date.
Latimer Tunneling
In 1961, Latimer proposed a procedure to replace clitorectomy. 
In this technique, the skin of the phallus was removed, the 
suspensory ligament divided, and the corpora freed up for some 
distance from their attachment to the pubis. The clitoral head 
was often reduced in size by excising a wedge of tissue from the 
front of the glans. The intact corporal bodies and modified glans 
were then tunneled down to its new position at the top of the 
vestibule just above the urethral meatus. The labia majora were 
then brought together in the midline above the introitus to close 
the defect where the clitoral shaft skin had been removed (51). It 
was Lattimer’s opinion that the technique was most appropriate 
for patients with a moderately enlarged clitoris.
He reported satisfactory cosmetic results in his first 11 cases. 
The long-term success of this operation cannot be determined 
since extended follow-up of patients undergoing this procedure 
has not been reported.
Randolph Recession
In 1970, Randolph et al. described a modification of Latimer’s 
surgical technique that also sought to preserve all of the 
corporal components. The procedure consisted of thorough 
FiGURe 10 | Corporal sparing dismembered clitoroplasty: neurovascular 
bundles and glans with attached urethral plate dissected free from paired 
corpora cavernosa [From Pippi Salle et al. (55)].
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dissection of the corporal bodies down to their most proximal 
attachments to the pubis (as if preparing for clitoral removal). 
The clitoris would then be recessed under the pubis by placing 
sutures in the dorsum of the corporeal fascia near the glans and 
securing them to the periosteum of the inferior margin of the 
symphysis (52, 53). As a result, the corporal bodies would not 
be as readily palpable. The authors published the functional 
results in patients undergoing their procedure as infants (54). 
The median age of the 9 patients available for interview was 
21 years. It was reported that eight of the nine patients achieved 
regular orgasms. The authors stated that it was their belief that 
preservation of all clitoral tissue was highly desirable in “achiev-
ing the most nearly normal sexual response.” They surmised 
that eliminating the ability to achieve any form of erection 
might significantly handicap orgasm.
The potential disadvantage of retaining intact corporal bod-
ies is the possible discomfort that they may cause when fully 
engorged. One of their patients did complain of pain with erec-
tion on sexual excitation. Allen et al. (42) reported on six patients 
who had been treated by clitoral recession and found that several 
had pain with erection. This led them to advocate for excision of 
the corporal bodies.
Pippi Salle Corporal-Sparing Dismembered Clitoroplasty
Recognizing that irreversibility continues to be the principle issue 
that concerns surgeons and creates parental anxiety, Pippi Salle 
et  al. (55, 56) have developed a corporal-sparing clitoroplasty 
with the goal of preserving all original structures. The clitoris 
is degloved as described in the previous section. The neurovas-
cular bundles are then dissected free from the corpora starting 
as ventrally as possible. The urethral plate is divided just distal 
to the opening of the urogenital sinus and maintained with the 
glans, which is dissected free from the distal ends of the corpora 
cavernosa (Figure 10). The urogenital sinus itself is freed from 
the anterior corporal surface and reflected caudally. Once the 
bifurcation has been exposed, the corpora are divided sharply 
beginning caudally and progressing distally (Figure 11). The edges 
of the opened tunica albuginea are then approximated with fine 
absorbable suture. Each hemicorpora is then rotated laterally 
and inferiorly and placed in a dartos pouch in each labia majora 
(Figure 12). Glans reduction is performed by superficial excision 
of the epithelium of the glanular groove and secured to the pubic 
bone approximately 1  cm above the original bifurcation of the 
corpora. The authors have found the cosmetic appearance to be 
quite satisfactory.
The procedure, which was initially described in eight patients, 
provided a satisfactory cosmetic result. The authors note that up 
to 5% of patients with CAH may have gender dysphoria later 
in life and that their procedure provides a potential for surgical 
transition back to an intact phallus. Ultimately, the success of this 
operation will depend on long-term follow-up and the demon-
stration of intact sensation and sexual function.
Complications
Postoperative Pain
Clitoral pain or enlargement can occur after clitoral recession or 
incomplete reduction. This is perhaps especially true in patients 
with CAH, who due to the risk of inadequate suppression during 
their lifetime, have the potential to experience additional growth 
of the clitoral tissue. Newman et  al. (54) in reporting on their 
series of clitoral recession noted that two of their four patients 
with CAH experienced pain with arousal or intercourse. When 
this does occur, extensive counseling should be undertaken to 
assure that the patient understands the risks of reoperation. Prior 
to surgically addressing this issue, it is imperative that adequate 
androgen suppression is accomplished. Reifsnyder et  al. (57) 
have shown in a series of six female patients (mean 22 ± 8 years) 
that nerve-sparing clitoroplasty can be successfully performed to 
address this issue.
Vascular Injury
Clitoral atrophy has been documented to occur in patients under-
going clitoroplasty. Mollard et al. (34) reported on the potential 
FiGURe 12 | Corporal sparing dismembered clitoroplasty: each corporal 
body is rotated inferolaterally and placed in a dartos pouch in the ipsilateral 
labia majora [From Pippi Salle et al. (55)].
FiGURe 11 | Corporal sparing dismembered clitoroplasty: once the 
bifurcation has been exposed, the corpora are divided sharply beginning 
caudally and progressing distally. The edges of the opened tunica albuginea 
are then approximated with fine absorbable suture to maintain hemostasis 
[From Pippi Salle et al. (55)].
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Psychosocial Outcomes
Overall favorable quality of life and good psychological health 
have been reported in CAH patients (63–65). A study of 45 CAH 
women revealed high quality of life comparable to age- and 
education-matched controls (64). However, CAH patients were 
more often single (66.7 vs. 47.8%); were less sexually active, dis-
played more negative body image; had more negative self-image 
with regard to self-confidence, sociability, and social acceptance. 
Despite these findings, good physical function, active coping 
mechanism, and high global satisfaction with life resulted in 
overall high quality of life. Women with the salt-losing form 
usually have worse psychosexual functioning than those with the 
non-salt-losing form (66).
Timing of Treatment
There is no unanimous opinion as to the optimal timing for 
clitoroplasty. Proponents of early surgery point to adult patients 
who have undergone feminizing surgery at various ages who 
feel early surgery to be favorable to late surgery (67). Girls who 
have undergone surgery have a satisfactory cosmetic outcome, 
as assessed by health care providers and a good quality of life 
and a low incidence of gender dysphoria as reported by their 
parents (68, 69). Proponents of late surgery rightfully point out 
that postponing surgery to a later age allows the individual to feel 
complication of glans atrophy following subtotal or total shaft 
resection. Alizai et al. (58) in their report of 14 children at a mean 
age of 13 years found that 4 had experienced atrophy of the glans 
clitoris. This finding underscores the importance of safeguarding 
the vascularity of the glans. Many authors have emphasized the 
importance of minimizing traction on the neurovascular bundle 
so as to minimize vasospasm (59). Boccardi et  al. reported no 
evidence of glans atrophy using the Passerini technique (ESPU 
London, 1996).
Neurologic Status
The most frequently discussed concern with regard to clitoral 
surgery is the potential for neurologic injury. These concerns 
have led various investigators to utilize intraoperative imaging of 
the nerves as well as measurement of pudendal evoked potentials 
to demonstrate that the electromyographic responses are not 
significantly compromised (37, 60). Although clitoroplasty with 
preservation of the dorsal nerves can lead to normal sensation 
and orgasmic potential, this is not always the case (15, 61, 62). 
Despite what would appear to be a clear advantage of neurovas-
cular preservation over total excision, only one out of every three 
women who have undergone a nerve-sparing procedure report 
sensitivity to temperature and vibration that is similar to unaf-
fected women (15).
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